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Background

Do you have a halo above your head?  Have you seen a rainbow in the sky?
Chances are that you have not seen a halo lately...behavior notwithstanding...but
you have more likely seen a rainbow.  Both rainbows and halos are water-
related phenomenon.  Water drops create rainbows; ice crystals create halos.
Both rainbows and halos display the rainbow-like colors of the electromagnetic
spectrum: red, orange, yellow, green, blue, indigo, and violet.

Besides providing us with an awe-inspiring array of shapes and sizes to ob-
serve, clouds play an important role in our everyday lives by helping to regulate
our weather and climate.   These bundles of densely concentrated, tiny water
droplets or ice crystals are floating factories that convert Earth’s ample supply of
surface water into its relatively scarce and highly mobile supply of precipitation.

All clouds contain water, yet water is not always falling to the ground.
Why?  There are two reasons: First, most cloud droplets are so small
that the movement of air keeps them suspended.  Second, even if the
small droplets fall, they evaporate before reaching the surface.

Problem: What ground observations of
clouds can be made?   What
radar image observations of
clouds can be made?

Materials: Colored pencil, ruler, calcula-
tor, clipboard, appropriate
dress for outdoor observa-
tions

Anatomy of Clouds
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Frequently, high level clouds are made of ice crystals, not water droplets, and
form when there is moisture at high altitudes colder than freezing.  Human
activity adds to the formation of these clouds.  As water droplets from airplane
exhaust spread across the upper atmosphere, they freeze and produce long
lines of ice crystal clouds in a narrow trail of condensation called a contrail.
Often, high clouds are not visible because lower clouds block our view of them.
Semi-transparent clouds, through which blue sky can be seen, are usually com-
posed entirely of ice crystals.

Besides helping to determine our weather, clouds influence our climate. (Cli-
mate is a description of weather conditions over time.)  Clouds can block,
reflect, or absorb energy from the Sun.  Ground-based observations as well as
balloon-launched observations do not provide enough information to understand
the role that clouds play in our atmosphere.  Therefore, researchers have devel-
oped remote sensors to improve cloud observations.  One of these new tools is
the millimeter-wave “cloud radar”, a type of Doppler radar.

The cloud radar antenna is a “dish” shape that constantly moves, or scans, in a
vertical arc from one horizon to the opposite horizon.  While it scans, the radar
sends out radio pulses and listens for the returned signal reflected from water
droplets and ice crystals.

Cloud radars transmit radio waves in pulses at wavelengths that are about 3 to
8 mm long - shorter than those used to cook food in a microwave oven.  Water
droplets in the air reflect the pulses.  Some of the radio energy returns to the
radar where it creates a picture of the cloud and how it is moving.

Unlike the more familiar radars used in weather forecasting, cloud radars allow
researchers to see details of the interior structure of clouds in ways that the eye
or optical instruments cannot observe.

Procedure
Part A

Using Table 1.1, Cloud Observations, go outside to observe the weather and fill
in the information about clouds.  Try to make your observations at the same time
each day for at least one week.  Use the information tables at the bottom of your
data table to guide your observations.  For cloud height, you may be lucky
enough to have a local geographic feature to help guide your observations.
Otherwise, use “cloud groups” to help identify height.  Note that the darker the
cloud, the more water it probably contains.  Look for patterns and relationships
among the data that you collect.

For example, you can learn about the winds aloft by watching clouds move.
Often, if there are clouds present at different heights, they may be moving in
different directions as they drift with the winds at those heights.
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Table 1.1.  Cloud Observations
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Note: Ideally, data should be collected twice daily. You are more likely to
observe trends in the space of a few hours than over a 24-hour period.
Therefore, try to arrange with classmates to share data if you cannot
make your own observations.

Questions
Part A

1. What fraction of the sky was covered most often?

2. What cloud group did you observe most often?

3. When skies were cloudy, were there high, middle or low clouds most often?

4. From what direction did clouds come most often?

5. What relationship(s) did you notice among the observations that you made?
(For example: Low clouds are usually darker gray).

6. How can you tell whether clouds might contain water droplets or ice crystals?

7. Design a weather related investigation. Use Table 1.2.
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Table 1.2.  Your Own Weather Related Investigation
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Procedure
Part B

To learn more about clouds, researchers need to take a closer look than we can
get from ground observations.  Therefore, they use a type of Doppler radar to
“see” the tiny water droplets and ice crystals that form clouds, and to better
understand how clouds form and flow.

One type of cloud that researchers study is a “breaking wave” cloud.  These
unique looking clouds form in air layers of different densities.

As each wave appears to stretch and curl over, it mixes the different layers of
air. Mixing the layers affects the growth of water droplets or ice crystals in the
cloud, and therefore, cloud formation and weather.

Figure 1.1, the following photograph, shows a breaking wave cloud. Notice that
it looks much like breaking waves on the ocean.

Sample cloud radar images of reflectivity and velocity are given in Figure 1.2.
The cloud radar image shown in Figure 1.3, Cloud Radar Worksheet is also a
breaking wave, although not the same cloud.

The reflectivity image on the top of both figures shows the moisture content of
the cloud; the velocity image on the bottom shows cloud motion as recorded by
Doppler radar.

The data for this activity were collected from the National Oceanic and Atmo-
spheric Administration (NOAA), NOAA Research, Environmental Technology
Laboratory (ETL), in Boulder, Colorado.

Figure 1.1.  A Breaking-Wave Cloud

Photo by Brooks Martner
NOAA/NOAA Research - ETL

Boulder, Colorado
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Reflectivity Radar Image

The strength or intensity of a cloud radar image depends upon the amount of
moisture in the cloud, either water or ice.  Clouds with larger, and more, water or
ice particles have a greater radar intensity; this is called reflectivity.  Research-
ers use the colors of the spectrum to indicate reflectivity.  The color red (warmer
color) indicates high reflectivity and the color blue-violet (cooler color) indicates
low reflectivity with gradations between.

Velocity Radar Image

Meteorologists, as well as astronomers and other physical scientists, use the
color blue or violet to indicate movement toward radar and the color red to
indicate movement away from radar.  The image on the bottom of the
Cloud Radar Worksheet shows the pattern of Doppler velocities that
cover a radius of approximately 8 kilometers around the radar site.

Figure 1.2.  Cloud Radar Image - Reflectivity and Velocity
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Figure 1.3.  Cloud Radar Worksheet
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Now using the Cloud
Radar Worksheet...

1. Color the scale at
the bottom of the
Cloud Radar
Worksheet accord-
ing to the color key
at the right.

2. Using your com-
pleted scale as a
key, color both the
reflectivity and the
velocity radar im-
ages.

For example, areas marked with a “G” should be colored yellow. Ignore the
concentric circles and radius lines of the radar screen. It is OK if your bound-
aries between colors blend together because that is how a real radar screen
would look.  The velocities of the clouds do not suddenly change in one spot,
but change more gradually over a distance.

3. Place an “X” on the Doppler transmitter station for both the reflectivity and
velocity radar images.

Questions
Part B
(Use Figure 1.3 to answer all the following questions)

Reflectivity Radar Image

1. What is the diameter of the outer range ring (only parts are visible) for the
radar screen in kilometers?

2. What is the diameter of the inner radar range ring in kilometers?

3. How many clouds can you identify?
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4. Use the distances written on the range
rings and a ruler to estimate the follow-
ing distances.

a. Wave length (distance from the
crest of one wave to the crest of the
next wave)

b. Wave amplitude (one half the verti-
cal distance from the trough to the
crest) of the wave in the center

c. Cloud-base (distance from the Earth’s surface to the bottom of the cloud)

d. Cloud-top height (distance from Earth’s surface to the top of the cloud)

5. What is the vertical thickness of the clouds?

6. Describe the internal motion of the cloud.

What does this tell us about our atmosphere where this cloud is located?
(Hint: Colors indicate speed for different parts of the clouds.)
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Velocity Radar Image

1. What two colors represent the fastest air velocities, and what are their
speeds in meters per second?

2. How many degrees represent the distance from the ground to the zenith?

3. At about twenty degrees above the surface on the east side of the radar
image, what is the greatest cloud speed?

4. At about thirty degrees above the surface on the west side of the radar
image, what is the lowest cloud speed?

5. If you are flying in a plane from west to east, describe how the wind would
influence the plane.

6. Change the cloud velocity from 15m/s to m.p.h.  Use the unit analysis tech-
nique set up below.
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Conclusion

Review the problem stated on the first page and write a detailed conclusion.


